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VII. Abstract 
 
During the later stages of sporting competition, a decrease in performance is regularly 
observed and is often attributed to fatigue. Although, it is unclear if the decrement of 
performance is exclusively due to physiological fatigue or an indicator of a decline in 
decision-making (DM) performance. Rugby league (RL) is a highly physical and 
tactical team sport wherein players are required to make decisions under time and 
fatigued based constraints. The aim of this study was to determine the effects of match-
related fatigue on DM in junior RL players. A secondary aim of this study was to 
compare positional playing groups, forwards and backs, and determine if fatigue 
differentially effects DM performance.  
Twenty male junior RL players (mean ± standard deviation: age 15.9 ± 0.9 
years, body mass 87.3 ± 14.3 kg, height 1.82 ± 0.07 m, playing experience 10.2 ± 2.4 
years, predicted VO2max 47.42 ± 3.69 mL.kg
-1.min-1) completed a match simulation 
protocol (MSP) that replicated the physiological demands of an elite junior RL match. 
DM performance was measured pre, mid and post match simulation via a reactive 
agility test and video-based temporal occlusion task. Upper and lower body 
neuromuscular measures (countermovement jump and plyometric push up) were also 
applied prior to DM assessments to quantify fatigue. Ratings of perceived exertion were 
obtained immediately post exercise at mid and post MSP. 
Two-way mixed ANOVA was utilised to assess any changes in temporal 
occlusion, reactive agility test and neuromuscular fatigue (countermovement jump etc.) 
at the time points of pre, mid and post MSP and to compare positional playing groups 
(forwards and backs). Paired T tests for rating of perceived exertion measures, as they 
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were only taken mid and post MSP. In the event of a significant main effect, post hoc 
comparisons were made using a Bonferroni correction. Significance was accepted at p 
< 0.05. 
The main finding of this study was despite observing a decline in neuromuscular 
function during the MSP, this decline did not significantly affect DM performance. 
Additionally, there was no significant difference between forwards and backs DM 
performance throughout the MSP. 
These results suggest elite junior RL players are capable of processing 
information during a progressively fatiguing match simulation. The results of this study 
are beneficial for elite level junior RL coaching staff as it highlights DM practice during 
fatiguing conditions is not an aspect of training that requires attention. 
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1 Introduction 
 
During the later stages of sporting competition, a decrease in performance is regularly 
observed and is often attributed to fatigue.1,2 Although, it is unclear if the decrement of 
performance is exclusively due to physiological fatigue or an indicator of a decline in 
decision-making (DM) performance. While, extensive research has examined fatigue 
and DM separately in sport, little has investigated the effects of fatigue on DM 
performance. 
 Decision-making is a perceptual-cognitive skill that has tactical relevance in 
sport.3 DM involves an athlete identifying and obtaining task-relevant information from 
the environment (an opponent’s or teammate’s position in the sporting context), 
subsequently integrating the recently acquired information with existing knowledge so 
that an appropriate response can be selected and executed.4 Superior DM can assist in 
creating a competitive advantage over the opposing team or player and ultimately result 
in desirable performance outcomes.5 Previous research has determined that superior DM 
differentiates between higher and lesser skilled athletes in sport and has demonstrated 
equal importance to executing a skill proficiently.6,7 Predominantly,  previous research 
has examined adults DM performance in sport. While limited studies have investigated 
adolescent DM performance despite its importance in enhancing performance.  
Rugby league (RL) is a highly physical and tactical team sport wherein players 
are required to make decisions under time and fatigued based constraints.8 In the modern 
RL game an emphasis is placed on performance analysis of the opposition’s tactics. 
Therefore, it is vital that RL players are able play the game in front of them by 
processing information and make high quality decisions, which can affect the outcome 
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of competition, within milliseconds.   
This study will examine the effects of match-related fatigue on DM performance 
in junior (Jnr) RL. As fatigue is an evitable side effect of the highly physical intense 
matches of RL, it is important to understand if DM performance is affected.  
There are six Chapters of this thesis. Chapter one provides an introduction to the 
purpose and significance of the research, presenting the hypotheses and aims. 
Subsequently, Chapter two reviews the major literature of DM in sport, DM and exercise 
(resulting in fatigue), match-related fatigue in RL and finally DM in RL. Chapter three 
details the procedures utilised to induce fatigue and assess DM performance. Afterward, 
Chapter four presents the research findings. Chapter five interprets and critically 
analyses the research findings, presenting limitations and recommending directions for 
future research. Finally, Chapter six summarises the research findings.  
This study may contribute to the development of adolescent sport by assisting 
coaching staff in identifying player’s weaknesses in making tactical decisions while 
rested and/or fatigued. Potentially assisting with further individualized training that can 
contribute to the development of greater strategic players. Additionally, as skilled 
athletes make more rapid and accurate decisions in comparison to less skilled, sporting 
talent-identification programs may implement the present studies DM assessments to 
create more robust selection protocols by objectively evaluating tactical skills.  
 
1.1 Aims 
 
The aim of this study was to determine the effects of match-related fatigue on DM in 
Jnr RL players. A secondary aim of this study was to compare positional playing 
groups, forwards and backs, and determine if fatigue differentially effects DM 
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performance. 
 
1.2 Hypothesis 
 
Two hypotheses were tested in this study.  First, it was hypothesized that as fatigue 
progressed, DM performance would demonstrate an improvement. Secondly, it was 
hypothesized that positional playing group (back or forward) would affect 
neuromuscular function and subsequent DM performance. 
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2 Review of Literature 
 
There will be two distinct sections throughout the literature review. Part one will 
discuss DM but will focus on its purpose in sport and the effects exercise has on DM 
performance. While, part two will discuss RL and the effects of match-related fatigue, 
concluding with DM performance in RL.  
 For this thesis exercise-induced fatigue will be referred to as fatigue. While 
experts and novices, or unskilled, athletes will be referred to as skilled and less skilled 
respectively. Lastly professional RL players from the National Rugby League (NRL) 
and English Super League competitions will be referred to as elite senior RL players. 
While, National Youth Competition (U20s) RL players will be referred to as elite Jnr 
NYC and adolescent (U18) RL players will be referred to as elite Jnr or Jnr.  
 
2.1 Decision-making in Adult and Adolescent Sport 
 
Decision-making is defined as the process of selecting an appropriate response, from a 
range of options, following an assessment of the environment.4 One theory that explains 
this process is based on information processing, which identifies DM as a cognitive 
process that occurs during problem solving.3 According to information processing 
theory, DM comprises a number of steps. The first is to receive information from the 
environment in regard to relevant features, such as an opponent, teammates or the ball 
in a sport context. Followed by a process of perceiving the meaning of the information, 
which then allows DM, subsequently generating options for action.4 
Superior DM is a characteristic of expert performance in sport, with skilled 
athletes selecting the appropriate response, at the correct time, then executing 
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accurately and consistently over many instances.4,7,9,10 Furthermore, studies have 
reported DM performance, in addition to movement execution, is a defining 
characteristic between skill levels.6,7 For example, in previous studies involving skilled 
and less skilled netball and Australian Football players, skilled players demonstrated 
significantly faster total times during a reactive agility test, with the researchers 
suggesting this was a result of significantly rapid DM speed.6,11 These studies highlight 
that DM performance is an attribute that discriminates between skill levels.5  
The first stage of DM requires athletes to receive information from the 
environment thus allowing the athlete to extract task-relevant information for that 
particular context.12,13 Initial research in this domain suggested that visual acuity (the 
ability to resolve fine details of a visual scene) contributed to superior DM in skilled 
athletes.12 However, an investigation of clay target shooters reported less skilled 
shooters possessed significantly greater visual acuity in comparison to skilled 
shooters.12 Moreover, healthy males with superior (20/20) vision demonstrated that 
decreasing visual acuity did not have an adverse effect on basketball shooting 
performance.13 However, these studies are limited as the testing environments did not 
replicate the complex and dynamic sporting environment.  
Another characteristic of sport performance that has received significant 
attention is visual search strategies. In this research, features such as fixation location 
and times, and saccades are examined while athletes observe static and dynamic visual 
stimuli. This is often combined with a DM task that results in perceptual-action 
coupling. Evidence has established that skilled athletes focus their gaze on different 
aspects of the visual scene.14-19 Furthermore, Starkes14 conducted one of the earliest 
investigations of visual search strategies in sport, reporting that hockey goaltenders 
fixated on the stick and puck during on-ice situations. Although, less skilled goaltenders 
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had a greater number of fixations on the puck than skilled, who were faster at initiating 
a blocking pattern.14 Goulet et al.15 observed during the ritual phase (initial foot 
positioning and bouncing of the ball) of the tennis serve, skilled tennis players focused 
on shoulder and trunk areas whereas less skilled players concentrated on the head of 
the server. Afterward, during the execution phase, skilled players focused on the 
racquet while less skilled fixate on more cues. Consequently, skilled players more 
accurately predicted the tennis serve.15 These studies highlight skilled athletes ability 
to focus their attention on task-relevant cues and extract high quality information from 
a fixation resulting in superior DM and performance outcomes.20 
 In sport, DM is colloquially referred to as ‘reading the play’.4 Furthermore, an 
athlete’s ability to successfully contextualise the constraints of the situation derives 
from their ability to detect advanced cues (anticipation), resulting in additional time for 
DM and subsequently more accurate DM.20-24 Skilled volleyball players more 
accurately identified the spiker (next player to hit the ball), while viewing video-based 
temporal occlusion clips, that progressively decreased in length, in comparison to less 
skilled player. Moreover, skilled players were able to detect advanced cues from the 
setter’s body position to successfully predict the spiker.24,25 Similarly, previous studies 
using temporal occlusion strategies (video clips constrained by time periods) to 
investigate reading the play based skills in racquet sports demonstrated superior ability 
for skilled players, compared to less skilled players, to predict the landing position of 
the serve with significantly greater accuracy.21,23,26 Additionally, skilled players were 
able to detect advanced cues prior to the ball impacting the racquet. 21,23,26 Collectively, 
these studies demonstrate skilled athletes superior ability to focus on pertinent 
information in the visual display to assist with DM. 
After receiving information from the environment, an athlete is required to 
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interpret and utilise their knowledge to make a decision and create an advantage over 
the opponent. In order to perceive meaning from the information received, athletes 
retrieve previous information from their long-term memory and working memory 
(located in the pre-frontal cortex), which plays a vital role in DM.27,28 Working memory 
temporarily stores and utilises recently presented information. Skilled athletes integrate 
recently presented information with information from long-term memory to make 
decisions.27,28 
Skilled athletes possess greater knowledge of an activity/sport (also referred to 
as declarative knowledge) in comparison to less skilled.29-31 Specifically, knowledge of 
the sport in relation to rules, goals of actions and strategies, are developed through 
experience.29-31 Skilled athletes tend to organise concepts, relating to the sport, in a 
structured and effective manner. Consequently, enhancing their ability to recall 
information from an observation, allowing for rapid problem solving and more accurate 
DM.29-31 Numerous studies have reported skilled athletes, from various sports, rapidly 
and accurately recall information from an observation, permitting rapid adaptation to 
novel situations.30,34-37  
While extensive research has investigated DM in adults, limited studies have 
assessed DM in adolescent athletes despite identifying its importance in enhancing 
performance. With this in mind, studies have investigated adolescent DM performance 
in relation to competition and talent prediction and detection.9,38-40 An investigation of 
secondary school students DM and game-play ability reported the number of times 
decisions were made significantly exceeded the amount of skills executed with 
possession of the ball during a soccer match.40 Therefore, demonstrating that DM skills 
are equivalent to motor skills in game-based situations for adolescents. Moreover, as 
tactical skills are an essential component of talent identification, Woods et al.9 
 18 
investigated skill-based differences of DM performance in Australian football players. 
Woods and colleagues concluded that, talent-identified players demonstrated higher 
accuracy when making game-based decisions in comparison to non-talented-identified 
players.9 Currently, emphasis is placed on improving physiological characteristics 
during adolescent development in sport.41 Although, research has identified DM 
performance is equally important in assisting an athlete reach elite levels of 
competition. 
 
2.2 Decision-making and Exercise  
 
As competition progresses in sport a decrement of physical skills and exercise intensity 
is observed as a result of fatigue.2 Therefore, making high quality decisions is necessary 
in order to enhance performance and conserve energy. An athlete is often seen to make 
a wrong decision at a critical stage during competition, a mistake regularly related to 
fatigue, which can, ultimately affect the outcome of competition.  
During exercise physiological changes occur heart and respiratory rates 
increase, blood pressure and sweating increase.1,2 Similar physiological effects occur 
during emotional or cognitive stress.42-46 Consequently, these similarities have lead 
researchers to link the cognitive effects of exercise to a number of theories (Yerkes–
Dodson Law, Drive Theory and Kahneman’s Allocation of Resources Theory), which 
suggest emotionally induced arousal effects cognitive performance (including DM).42-
46 Yerkes and Dodson proposed an Inverted-U model that suggests during rest an 
individual’s attention is broad, receiving task relevant and irrelevant information, 
consequently cognitive performance is low.46 However, as physical arousal increases, 
a narrowing of attention to task relevant information will be observed and cognitive 
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performance improves, up to an optimal level.46 Further increases in physical arousal 
results in deterioration of cognitive performance as task-relevant information is 
missed.46   
Increased central nervous system concentrations of catecholamine’s, adrenaline 
and noradrenaline, have been observed during exercise.47-49 Catecholamine’s act as 
neurotransmitters in the brain, increasing arousal and cognitive performance.47-49 
Furthermore, Chmura et al.48 investigated the effects of catecholamine’s on reaction 
time of soccer players during an incremental test to exhaustion on a cycle ergometer. 
Participants reaction times decreased linearly as resistive load increased from 0 – 250 
W power output, then increased considerably when resistive load was increased to 300 
W.48 The fastest reaction time for all participants occurred after the adrenaline and 
noradrenaline thresholds.48 The relationship between plasma catecholamine and 
reaction time demonstrated an inverted-U as Yerkes and Dodson suggested.46 Likewise, 
McMorris et al.49 observed soccer players DM performance at rest, adrenaline threshold 
and at maximum power output. Participants demonstrated significantly faster DM at 
the adrenaline threshold and at maximum power output, in comparison to rest.49 These 
studies suggest that exercise does affect DM performance. 
Several studies have reported significant improvements of DM during exercise 
protocols that result in fatigue.50-54 Previously, handball players have demonstrated 
significantly greater DM performance while running on a treadmill in comparison to 
walking.53 Likewise, experienced and inexperienced soccer players demonstrated 
significant improvements, during maximal exercise on a cycle ergometer, of DM 
accuracy and speed of DM while observing sport specific static displays.50-52 Similarly, 
experienced and inexperienced soccer players demonstrated significant improvements 
in speed of DM while running on a treadmill at exercise intensities 60 and 80% of 
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maximum aerobic power, in comparison to rest.54 However, these studies are limited 
by the fatigue inducing protocols utilised as movement patterns were non-sport specific. 
Sport-specific movement patterns are necessary in order to simulate the 
dynamic and intermittent requirements of sport while assessing the effects of exercise, 
resulting in fatigue, on DM performance. Water polo players demonstrated greater, but 
non-significant, DM accuracy during a fatiguing intervention, designed to progress in 
intensity and replicate match demands.55 Although the fatiguing protocol replicated 
water polo specific movement patterns, the quarters decreased in duration, 13 – 4 
minutes (mins), not replicating the full length of an average water polo match and 
therefore limiting the effects of accumulated fatigue.56 With this in mind, water polo 
matches are comprised of five to eight minute (min) quarters of play, although 
stoppages occur during fouls or throw outs causing the average quarter to last 
approximately twelve mins.56  
Additionally, heart rate, blood lactate and rating of perceived exertion were 
utilised to quantify fatigue.55 Whilst within-athlete heart rate provides a good indication 
of exercise intensity, an increased heart rate is not a clear marker of fatigue.5,57,58 
Similarly, Australian Football umpires demonstrated no significant relationship 
between physical exertion and DM performance following the adjudication of a 
match.59 DM was assessed at the end of each quarter over five matches with physical 
exertion measured via blood lactate during the DM assessment. The utilisation of blood 
lactate to measure physical exertion (quantify fatigue) during a match situation has been 
proven to be limited as blood lactate is an indirect marker of skeletal muscle damage.60 
Blood lactate is transient in nature and is extracted from the body quickly during active 
recovery.60 In addition, the level of physical exertion throughout the match and more 
specifically prior to the DM assessment was dependent on the intensity of the match. 
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Previous research has established there is a large inter-match variability in high and 
very high intensity distances covered, which would affect blood lactate.61 Therefore, 
more robust procedures are required to quantify fatigue following a standardised sport 
specific exercise protocol in order to determine the effects of fatigue on DM 
performance. 
 
2.3 Rugby League and Match-related Fatigue 
 
Rugby league is a collision sport that originated in England during the 1890’s and is 
played in countries worldwide, including Australia, New Zealand, France, Canada, 
Russia, Wales, Scotland, Ireland, Papua New Guinea, Fiji, Samoa and South Africa.8 
RL is played by Jnr and senior players at amateur, semi-professional and professional 
levels.62 
Rugby league matches involve two opposing lines running towards each other 
in an attempt to break through the oppositions line and score. Each team is allowed six 
tackles, during attack, to advance the ball over the oppositions try line in order to score. 
The ball must be passed backwards throughout the game and can be kicked forwards 
into the opposition’s territory.  
A RL team consists of 13 players that are broadly classified into two positional 
playing groups, forwards (Prop, Hooker, Second-row forward and Lock forward) and 
backs (Fullback, Wing, Centre, Five-eighth and Halfback).8 Forwards are typically 
larger and stronger as they are predominantly involved in physical collisions and 
tackles.63,64 Their role is to advance the ball up the field and stop the opposition 
progressing down the field. Elite Jnr NYC RL forwards and backs cover on average 
4,774 ± 564m and 5,768 ± 765m during a match, respectively.65 Backs are typically 
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smaller and faster as their role requires speed and ball-playing skills to advance the ball 
over the try line.63 Moreover, RL players are reported as having well-developed 
physiological characteristics.8 Elite Jnr NYC RL players have demonstrated predicted 
VO2max of 46.4 – 51.79mL.kg-1.min-1, muscular power (vertical jump) of 43.5 – 
52.8cm, speed (40m sprint) of 5.15 – 5.83s and agility (505 agility test) of 2.30 – 2.47s.8 
A Jnr RL match consists of two 30-35 min halves with a 10 min rest interval 
and an unlimited interchange. Senior RL matches are comprised of two 40 min halves 
with a 10 min half time and eight interchanges.8 RL matches are highly physical in 
nature, characterised by a high number of high-speed physical collisions and repeated 
high intensity (e.g. running, sprinting and tackling), short duration (~4s) efforts that are 
followed by periods of low intensity (e.g. standing, walking and jogging) recovery 
(~21s).64 Previous research has demonstrated that repeated high intensity efforts 
(classified as three or more high acceleration (≥2.79m.s-2), high-speed or contact efforts 
with <21s between efforts) are the most demanding periods of play in a RL match and 
have been associated with higher heart rates and perceived efforts.35,66 Furthermore, 
Gabbett1 observed, over 14 elite Jnr NYC RL matches, forwards (Prop, Second-row 
forward and Lock), adjustables (Hooker, Halfback, Five-eighth) and backs (Centre and 
Wing) completing 7.5 ± 3.5, 11.3 ± 6.6 and 8.1 ± 1.4 repeated high intensity efforts 
respectively. Additionally, high-speed running metres (>5m.s) of forwards 225 ± 90, 
adjustables 320 ± 176 and backs 452 ± 113 were demonstrated.1  Despite the extensive 
training schedules of players, fatigue is an inevitable factor of continued physical 
contact and high intensity matches.35,67 
As RL matches progress, a decrement of exercise intensity and performance 
measures are observed and often attributed to fatigue.2,8,62,67,68 Accordingly, numerous 
studies have reported reductions of movement patterns, number of involvements in play 
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and proficiency of skill throughout RL matches.1,2,62 A previous study of three elite 
senior matches observed significant decreases of overall movement during the second 
and fourth quarter in comparison to the first.62 Similarly, over forty-five elite senior and 
Jnr NYC RL matches reductions of distance travelled, quality of skill involvement, 
number of involvements and collisions following the first five mins of each half were 
observed.2 Likewise, elite Jnr NYC RL players demonstrated in a previous study 
significant reductions of relative distances, number of heavy collisions (player makes 
contact, forward progression/momentum is stopped and player is forced backward) and 
high-speed (>5m.s) efforts during the second half, in comparison to the first.1  
Furthermore, decrements of tackling technique have been observed during a match 
specific repeated effort protocol that increased in intensity.69 Progressive reductions of 
tackling technique were demonstrated as the protocol progressed, resulting in fatigue.69 
Collectively, these studies demonstrate that fatigue accumulates throughout a RL match 
and results in reductions of physical and technical performance. 
 
2.4 Decision-making in Rugby League  
 
Rugby league is a physical and tactical team sport wherein a player is required to 
continually assess the environment, identify task-relevant information, make decisions 
and subsequently generate a course of action under time and fatigued based constraints. 
Consistent and rapid DM is vital for success in RL and has been recognised as a 
characteristic of skilled RL players.70,71 Furthermore, skilled RL players have 
demonstrated the ability to recognise and react to cues, which can assist in tackling and 
evading the opposition, increasing difficulty for the opposition to avoid being tackled 
and increasing the likelihood of a player scoring a try.8,22,70,71 
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Relatively few studies have examined DM performance of RL players. A 
reactive agility test (RAT) has been utilised to determine skill-based differences of RL 
players.70,71 A RAT is highly specific to RL match requirements as it combines 
perception, DM and movement responses. Furthermore, skilled RL players have 
demonstrated significantly faster decision and movement times when compared to less 
skilled.35,70 A previous study of NRL starters (players selected to participate in the 
match) and non-starters (players from the same squad that were not selected) reported 
similar reactive agility decision times, pattern prediction (equivalent to DM 
performance) and recall (equivalent to ‘reading the play’) abilities between groups.35 
Demonstrating that highly skilled players do not differ in their ability to make high 
quality decisions.35 Collectively, these studies highlight that DM performance is 
fundamental to success in RL.  
Although previous research has examined DM performance in adult RL players, 
no research to date has assessed Jnr RL players despite the importance of DM 
performance to success during match play. Furthermore, as fatigue is an inevitable 
effect of the continued physical contact and high intensity matches it is important to 
understand the effects of fatigue on a RL player’s ability to produce quality decisions 
under time and fatigue based constraints.62,64,65,72,73 Although previous research has 
examined fatigue and DM independently, no study to date has combined and 
investigated these research topics in RL.  
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3 Methods 
 
3.1 Participants 
 
Twenty male Jnr RL players from a selective sports high school RL program (mean ± 
standard deviation: age 15.9 ± 0.9 years, body mass 87.3 ± 14.3 kg, height 1.82 ± 0.07 
m, playing experience 10.2 ± 2.4 years, predicted VO2max 47.42 ± 3.69 mL.kg
-1.min-
1) participated in this study. All participants had previously trained in a NRL club Jnr 
development program and/or competed in New South Wales Jnr 2017 representative 
competition, participants were free from injury and partaking in regular training 
sessions. A minimum fitness criterion was used to further determine eligibility for the 
study (see 3.1.1). Western Sydney University Human Research Ethics Committee 
approved this study. All participants and parents/guardians provided written consent 
following an explanation of the procedures, purpose, benefits and associated risks of 
the study. 
 
3.1.1 Inclusion Criteria Assessment  
 
Maximal aerobic power (VO2max) was estimated using the 20m multi-stage fitness test 
in order to determine participant’s eligibility for this study. Furthermore, forwards were 
required to achieve a minimum of level 7.7 (>37.9mL.kg-1.min-1) while backs attain a 
minimum of level 9.1 (>43.6 mL.kg-1.min-1).74 Following a standardised warm up, 
participants completed a shuttle run between two markers 20m apart, in time with an 
audio signal, at increasing speeds (0.14m.s-1) until exhaustion (Figure 1). Participants 
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failing to reach the end of the shuttle before the audio signal were given a warning and 
allowed two shuttles to attempt to regain the required pace before being withdrawn. 
Final level and stage reached were recorded and VO2max was estimated using 
regression equations described by Ramsbottom et al.75 Prior to testing, participants 
were instructed to arrive at the RL oval in a fully hydrated and rested state, having not 
participated in strenuous activity 48 hours prior to testing, in order to minimise residual 
fatigue. 
 
Figure 1. Schematic illustration of 20m multi-stage fitness test.   
 
3.2 Procedures 
3.2.1 Experimental Design 
 
A controlled, match simulation protocol (MSP) was implemented to determine the 
effects of fatigue on DM performance of Jnr RL players. Participants completed the 
MSP that replicated the physiological demands of an average elite Jnr RL match. DM 
performance was measured pre, mid and post MSP via a RAT and a video-based 
temporal occlusion task (Figure 2). Furthermore, neuromuscular and perceptual fatigue 
measures were utilised prior to DM assessments to quantify fatigue during the 
simulation. All testing was conducted outside on a synthetic grass pitch. The mean 
ambient temperature was 12 ± 1.9 °C. 
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Figure 2. Schematic illustration of experimental design.  CMJ, countermovement 
jump; PPU, plyometric push up; RPE, rating of perceived exertion; RAT, reactive 
agility test; TO, temporal occlusion task. 
 
3.2.2 Familiarisation Session 
 
Participants were familiarised with all assessments and the MSP prior to data collection. 
Familiarisation of the MSP involved participants completing seven repetitions of ball-
in-play and ball-out-of-play cycles (Figure 3). Furthermore, participants completed 
three countermovement jumps (CMJ) and plyometric push-ups (PPU). Subsequently, 
participants completed four RATs and viewed five temporal occlusion clips.6,9 Finally, 
participants received an explanation of Borgs 14 point Rating of Perceived Exertion 
scale.76 
 
3.2.3 Rugby League Match Simulation Protocol   
 
Several RL MSPs have been used in previous research to assess validity, reliability and 
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the effects of physical contact type.77-81 An earlier simulation protocol by Waldron et 
al.80 was chosen to replicate in this study as it best simulated the metabolic requirements 
of a RL match. Specifically, the inclusion of repeated physical contact, which has 
demonstrated an increase of neuromuscular fatigue.73 
The previous validated MSP was modified for the present study following the 
analysis of seven elite Jnr RL matches. However, only four matches, involving 23 
players, were chosen to determine the physical demands of an average elite Jnr RL 
match as the level of competition varied between matches (GIO Schoolboy Cup, 
SGBall and Uni Shield). Global positioning systems (GPS) data was collected and 
downloaded to Team AMS (Version R1:2016.7, GPSports, Canberra, Australia) and 
SPI IQ software (Version R1:2016.4, GPSports, Canberra, Australia) to classify 
movement patterns into standing (<0.2m.s), walking (0.2-1.9m.s), jogging (2.0-
3.9m.s), running (4.0-5.4m.s), high-speed running (5.5-6.9m.s) and sprinting (>7.0m.s) 
(Appendix 2).82 Subsequently, players were categorised into two positional playing 
groups (forwards and backs) to determine average movement patterns. Finally, 
movement patterns were furthered grouped into low intensity (<4m.s), high intensity 
(4-5.4m.s) and very high intensity (≥ 5m.s) (Table 1).77 
Video analysis was conducted using SportsCode GameBreaker software 
(Version 10.3, Sportstec, Sydney, Australia) in order to determine the average number 
of physical contacts (tackling and being tackled) during the four RL matches (Table 1). 
Additionally, duration of ball-in-play and ball-out-of-play was determined (45.05s ± 
3.35s and 32.75s ± 15.53s respectively). Ball-in-play was defined during teams attack 
or defense and once the ball was feed into the scrum or tapped following a penalty. 
While, ball-out-of-play was defined from the point of an infringement, when the ball 
was out of the field of play or following a try.79 
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Table 1. Mean movement patterns of forwards and backs during four elite junior 
rugby league matches. 
Low intensity: <4m.s, High intensity: 4-5.4 m.s, Very high intensity: ≥ 5m.s. 
 
Movement was divided into two distinct sections during the MSP, Part A and B 
(Figure 3). Part A represented the ball-in-play and contained physical contact, high 
intensity and very high intensity movement. Part B signified the ball-out-of-play and 
therefore contained low intensity movement and rest. Twenty-three cycles of Part A 
and B were constructed to create one half of the MSP. Each cycle was identical in 
duration, speeds reached and distances covered.  
 Forward Back 
Total distance (m) 3334.14 ± 769.50 4746.57 ± 960.35 
Total m/min 55.57 ± 12.83 79.11 ± 16.01 
Low intensity m/min 47.95 ± 15.13 67.09 ± 18.16 
High intensity m/min 5.86 ± 3.47 8.42 ± 2.79 
Very high intensity m/min 1.76 ± 1.22 3.59 ± 2.00 
Tackles/min 0.22 ± 0.07 0.15 ± 0.07 
Being tackled/min 0.12 ± 0.13 0.11 ± 0.10 
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Figure 3: Schematic representation of movement patterns for backs and forwards 
during junior rugby league match simulation protocol. Part A; ball-in-play, Part B; ball-
out-of-play. The amount and type of physical contact (e.g. tackle or flapjack) differed 
between cycles as the average number of physical contacts, during the four elite Jnr RL 
matches that were analysed, did not correspond to the number of cycles. 
 
During the MSP participants moved between a series of cones (Figure 4), 
positioned a total of 20m apart, controlled by an audio cue. Timing of the audio cue 
was based on mean match demands as determined from the analysis of four elite Jnr 
RL matches (Table 1). Furthermore, the audio cues were created using TextEdit 
software (Version 1.10, Apple, Inc., Cupertino, CA, USA) in order to create a high 
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quality and reliable sound. Afterward, audio cues were converted into iTunes software 
(Version 12.6.27, Apple, Inc., Cupertino, CA, USA) as a spoken track before being 
imported into iMovie software (Version 10.0.9, Apple, Inc., Cupertino, CA, USA) to 
control the pace of the MSP. Finally, the audio cues were converted back into iTunes 
to complete the MSP that was played from a Logitech UE Boom 2 Portable Bluetooth 
Speaker connected to a phone (Appendix 4). 
 
Figure 4. Schematic illustration of the junior rugby league match simulation protocol. 
Y, yellow cone; R, red cone; B, blue cone.  
 
Participants were given specific instructions and a demonstration of correct 
physical contact techniques. Tackling involved contacting a medium/high density foam 
tackle bag (approx. 150 x 40cm) and taking it to the ground before a 360° roll laterally, 
while holding the bag, and 360° roll back to start position. Moreover, participants 
performed a “flapjack” to simulate being tackled that required dropping down to the 
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ground, ensuring that chest touched the ground before rolling 360° laterally and 360° 
roll back to start position.  
Participants wore GPS units (10Hz, GPSports, Canberra, Australia) throughout 
the MSP to determine the movement patterns of the protocol. Participants were fitted 
with appropriately sized catapult vests to house the GPS unit between the scapula. 
Subsequently, SPI IQ and Team AMS software was used to analyse the MSP GPS data 
(Table 2). 
 
Table 2. Mean movement patterns of forwards and backs during rugby league 
match simulation protocol. 
Low intensity: <4m.s, High intensity: 4-5.4 m.s, Very high intensity: ≥ 5m.s. *Denotes 
two participants data was excluded, as match simulation protocol was not completed. 
 
3.2.4 Decision-making Assessments 
3.2.4.1 Temporal Occlusion  
 
Participants viewed twelve RL match clips, pre, mid and post the MSP. Each clip was 
 Forward Back* 
Total distance (m) 4022.4 ± 632.58 4883.75 ± 629.44 
Total m/min 67.04 ± 10.54 81.40 ± 10.49 
Low intensity m/min 49.64 ± 12.24  47.07 ± 12.08 
High intensity m/min 8.82 ± 1.18 17.68 ± 1.89 
Very high intensity m/min 8.58 ± 4.17 15.44 ± 7.78 
Tackles/min 0.24 0.14 
Being tackled/min 0.14 0.14 
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sourced from the 2017 NYC, which was filmed from the camera box at the 50m line 
using a wide shot. Clips replicated RL match situations frequently encountered by the 
participants and were initially selected alongside the schools RL coaching staff.9,55 In 
an attempt to control the number of possible decisions, allowing for concise reflection 
of DM skill, only clips of the attacking team were selected.  
Forty-five clips were initially selected using SportsCode Gamebreaker video 
analysis software, as it provided a simple and reliable method for selecting 15s of the 
RL match prior to the DM moment.83 Subsequently, the clips were placed into a movie 
package and converted to an mp4 to open with QuickTime Player software (Version 
10.4, Apple, Inc., Cupertino, CA, USA) in order to obtain screenshots of the DM 
moment (Figure 5). Afterward, screenshots were placed into Microsoft Word (Version 
14.7.0, Microsoft, Redmond, WA) to create an A4 booklet, with the coloured 
screenshot of the DM moment (Figures 5 and 6), for participant’s responses. Finally, 
the mp4 files were imported into iMovie software and edited to freeze for 3s following 
15s of play before presenting a black screen for 4s prior to the next clip starting. Audio 
cues were edited over the top of the frozen screenshot and blank screen, “Turn the page 
and circle your choice on the screenshot” and “Turn your page in readiness for the next 
clip” respectively. Apple TextEdit and iTunes software were utilised to create high 
quality and reliable the audio cues 
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Figure 5. Representative coloured screenshot of the decision-making moment 
presented to the participants. The presentation of each screenshot was preceded by a 
15s running visual display (on a 21-inch monitor) of the build-up play associated with 
the still frame.  
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Figure 6. Provided here is a replication of Figure 5 to provide insight as to the decision-
making options available to the participant. The circled player is in possession of the 
ball. The numbered (one – four) players are possible passing options. The circle and 
numbers were not presented to the participants during actual decision-making 
assessment. 
 
In order to validate the clips used for this study, two RL coaches not associated 
with the participants and each with a minimum of 10 years coaching at high 
performance level (Level 2), independently reviewed the initial forty-five selected 
clips.9,55 Consequently, only the clips that both coaches correctly selected the next 
player to receive the ball were used in this study. 
 Participants completed testing in pairs, seated 2m apart and 1.5m from the 
Lenovo ThinkVision 21-inch Monitor (Lenovo, Morrisville, NC, USA) that displayed 
the clips.83,84 Moreover, participants were provided with an A4 booklet containing a 
coloured screenshot of the DM moment, prior to occlusion, followed by a blank sheet 
to avoid participants viewing scenarios early. Participants were supervised when 
completing the assessment to ensure choices were their own. Correct responses were 
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recorded if the receiving player for the next offensive disposal were selected.  
 
3.2.4.2 Reactive Agility Test  
 
Participants began the RAT behind a timing gate (Smart Speed, Fusion Sport, 
Queensland, Australia) facing the tester standing 5m in front, behind another set of 
timing gates (Figure 7).11,70 Time started once the tester initiated movement, requiring 
the participant to sprint forwards and react to the testers cue of either stepping left or 
right and sprinting through the final timing gates set up 2.5m left or right of the start 
line. Participants were presented with one of four possible cues that were randomized 
prior to testing:  
1. Step forward with right foot and change direction to the left. 
2. Step forward with the left foot and change direction to the right. 
3. Step forward with the right foot, then left, and change direction to the right. 
4. Step forward with the left foot, then right, and change direction to the 
left.35,70,71 
Participants completed three trials pre, one mid and post the MSP. Two high-
speed video cameras (Casio Ex-FH100) (240 fps) were set up to the side of the tester 
and participant, capturing the tester providing the stimulus and participant’s response, 
allowing for analysis of decision time (± 4.2ms).35 Subsequently, decision time was 
calculated as the time difference from the testers final foot plant, while providing the 
stimulus, and the participant’s first foot plant, during the change of direction using 
Dartfish 360 video analysis software (Version 9.0, Fribourg, CH).6,71 Total time  was 
recorded following the participant responding to the testers cue and sprinting through 
the final timing gate. Participants were separated during RAT in order to avoid any 
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familiarization with potential cues. 
 
 
Figure 7. Schematic illustration of the reactive agility test. 
 
3.2.5 Fatigue Assessments 
3.2.5.1 Lower and Upper Body Neuromuscular Fatigue 
 
Participants completed CMJ and PPU to evaluate lower and upper body neuromuscular 
fatigue, respectively.64,71,85 Furthermore, CMJ and PPU were completed on a force plate 
(Kistler, Model 9286AA), which sampled at 1000Hz and was connected to Bioware 
software (Kistler Instrument Company, Amherst, NY) that measured ground reaction 
forces. Peak power (PP), peak force (PF), peak jump height and flight-time:contraction-
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time ratio were analysed using LabChart reader software (Version 8.1.6, AD 
Instruments, Australia).86,87 
Participants completed a 10 min standardised warm-up and stretching protocol 
prior to an initial three CMJ and PPU. Moreover, three consecutive CMJ and PPU were 
completed and the best jump height was used for analysis.86  Subsequently, one mid 
and post CMJ and PPU were completed immediately following the MSP (within 60s). 
During the CMJ, participants were instructed to stand on the force platform with feet 
shoulder width apart, hands remaining on hips throughout the jump, squatting down to 
a self-selected depth and jumping as high as possible, landing with knees slightly 
bent.64,74 Similarly during the PPU, participants were instructed to begin with hands on 
the force platform at the top of a push up position, slowly lowering chest by flexing at 
the elbows to a self-selected depth then rapidly pushing upwards, hands leaving the 
force platform and landing with elbows slightly bent.64,72 
 
3.2.5.2 Perceptual Fatigue 
 
Ratings of perceived exertion (RPE) were obtained immediately post exercise at mid 
and post MSP using the Borgs 14 point Scale of Ratings of Perceived Exertion.16,80 
Participants were instructed to point at the number that corresponded with their 
perception of exertion, following the CMJ, so not to influence other participants 
responses. 
 
3.2.6 Data Analysis 
 
Peak force was determined as the highest force during the concentric phase of the CMJ 
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and PPU (Figure 8). Peak jump height was estimated using the law of falling bodies 
equation:88 
∆𝐶𝑂𝑀𝑓 =
1
2
∙ 𝑔 ∙  [
𝑡𝑓
2
]2 
Where ∆𝐶𝑂𝑀𝑓 was the change of centre of mass force, 𝑔 was gravity and 𝑡𝑓 was 
flight time. Peak power was determined as the highest power generated through the 
concentric phase. The following equation used was: 
78.6 ∙  𝑉𝐽 (𝑐𝑚) + 60.3 ∙ 𝑚𝑎𝑠𝑠 (𝑘𝑔) − 15.3 ∙ ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚) − 1308  
Where 𝑉𝐽 was jump height, 𝑚𝑎𝑠𝑠 was the participants body weight and ℎ𝑒𝑖𝑔ℎ𝑡 was 
participant’s height. Flight-time:contraction-time was the ratio of flight time to 
contraction time (Figure 8). Flight time commenced when vertical ground force was 
less than 10N and occurred until the vertical ground force exceeded 10N. Contraction 
time initiated at the lowest point during the eccentric contraction and occurred until the 
force equaled zero.89 
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Figure 8. Force time trace from countermovement jump. Time; contraction time, FT; 
flight time, PF; peak force. 
 
3.2.7 Statistical Analysis 
 
All data is presented as mean (± SD). All statistical analyses were completed using IBM 
SPSS Statistics (Version 23, SPSS Inc., Chicago, IL). The Shapiro-Wilk Normality Test 
was applied to assess normality of distribution. The descriptive data are presented as 
mean ± SD. Two-way mixed ANOVA was utilised to assess any changes in temporal 
occlusion, RAT and neuromuscular fatigue (CMJ, etc.) at the time points of pre, mid 
and post MSP and to compare positional playing groups (forwards and backs). Paired 
T tests for RPE measures, as they were only taken mid and post MSP. In the event of a 
significant F ratio, post hoc comparisons were made using a Bonferroni correction. 
Mean differences, standard error (SE), and 95% confidence intervals (CI) were 
1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3
- 1008
- 508
- 8
492
992
1492
1992
2492
2992
3492
3992
C
h
a
n
n
e
l 
3
 (
V
)
PF 
FT Time 
 41 
calculated when significant changes over time were observed. Two-tailed statistical 
significance was accepted at p<0.05. 
 42 
4 Results 
4.1 Decision-making Assessments 
4.1.1 Reactive Agility and Temporal Occlusion 
 
Table 3 includes descriptive temporal occlusion, RAT decision time and RAT total time 
data pre, mid and post match simulation protocol. There were no significant within 
subject differences in RAT total time (p=0.575), RAT decision time (p=0.703) and 
temporal occlusion (p=0.878) across pre, mid and post match simulation protocol. 
Moreover, there were no significant differences between forwards and backs in 
temporal occlusion (p=0.913), RAT decision time (p=0.331) and RAT total time 
(p=0.102) (Table 4). 
 
Table 3. Decision-making performance of junior rugby league players pre, mid 
and post match simulation protocol. 
 Pre Mid Post 
Temporal Occlusion    
Pattern Prediction (%) 57.5 ± 28.21 61.25 ± 28.65 60.53 ± 22.54 
Reactive Agility Test    
Decision Time (ms) 149.11 ± 86.40 164.27 ± 145.39 172.43 ± 120.54 
Total Time (s) 1.55 ± 0.08 1.61 ± 0.42 1.52 ± 0.12 
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Table 4. Decision-making performance of forwards and backs pre, mid and post 
match simulation protocol. 
 Pre Mid Post 
Temporal Occlusion    
Pattern Prediction (%)    
Forwards 60 ± 33.75 57.5 ± 31.29 57.5 ± 26.48 
Backs 55 ± 22.97 65 ± 26.87 63.89 ± 18.16 
Reactive Agility Test    
Decision Time (ms)    
Forwards 109.01 ± 73.00 131.53 ± 112.97 134.62 ± 125.38 
Backs 189.21 ± 82.82 197.00 ± 171.7 214.44 ± 105.99 
Total Time (s)    
Forwards 1.58 ± 0.09 1.70 ± 0.59 1.50 ± 0.09 
Backs 1.52 ± 0.06 1.51 ± 0.10 1.54 ± 0.14 
 
4.2 Fatigue Assessments 
4.2.1 Neuromuscular fatigue  
4.2.1.1 Countermovement Jump 
 
There was a main effect of time for countermovement jump height (p=0.032; Figure 9), 
where post hoc analysis indicated mid match simulation protocol countermovement 
jump height was significantly lower than pre. Countermovement jump height (mean 
decline of 0.019 ± 0.006 (95% CI 0.004 to 0.035); p<0.05). There were no significant 
differences in countermovement jump PP (p=0.055), PF (p=0.086) and flight 
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time:contraction time (p=0.383) across pre, mid and post match simulation protocol 
(Table 5). Furthermore, there were no significant differences between forwards and 
backs in countermovement jump PP (p=0.173), PF (p=0.987), peak jump height 
(p=0.448) and flight time:contraction time (p=0.587) (Table 6).  
 
 
 
Figure 9. Countermovement jump height (in meters) pre, mid and post match 
simulation protocol. *Denotes significant (p<0.05) difference from pre match 
simulation protocol. 
 
Table 5. Countermovement jump variables pre, mid and post match simulation 
protocol. 
 Pre Mid Post 
Peak Power (W) 1136.14 ± 765.14 1170.55 ± 768.75 929.10 ± 835.56 
Peak Force (N) 5168.99 ± 1950.33 4845.04 ± 1566.85 4216.96 ± 1119.30 
Flight-time: Contraction-time (s)  0.85 ± 0.16 0.87 ± 0.19 0.77 ± 0.21 
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Table 6. Countermovement jump variables of forwards and backs pre, mid and 
post match simulation protocol. 
 Pre Mid Post 
Peak Power (W)    
Forwards 1569.49 ± 831.56 1568.67 ± 831.37 1189.09 ± 1060.01 
Backs 702.78 ± 356.52 728.19 ± 365.89 640.23 ± 358.38 
Peak Force (N)    
Forwards 5507.62 ± 2429.5 4628.39 ± 1493.43 4081.41 ± 1367.81 
Backs 4830.36 ± 1368.56 5061.68 ± 1687.65 4367.57 ± 1040.65 
Jump Height (m)    
Forwards 0.34 ± 0.05 0.32 ± 0.05 0.31 ± 0.06 
Backs 0.39 ± 0.05 0.36 ± 0.06 0.30 ± 0.13 
Flight-time: Contraction-time (s)     
Forwards 0.80 ± 0.12 0.81 ± 0.13 0.79 ± 0.11 
Backs 0.89 ± 0.20 0.95 ± 0.23 0.74 ± 0.29 
 
4.2.1.2 Plyometric Push Up 
 
There were no significant differences in plyometric push up PP (p=0.226), PF 
(p=0.323), peak jump height (p=0.223) and flight time:contraction time (p=0.183) 
across pre, mid and post match simulation protocol (Table 7). Although, there was a 
main effect of positional playing group for plyometric push up peak jump height 
(p=0.022; Figure 10), and flight time:contraction time (p=0.006; Table 8) where post 
hoc analysis indicated forwards were significantly lower and faster than backs, 
respectively. Plyometric push up jump height (mean difference of 0.053 ± 0.021 (95% 
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CI 0.097 to 0.009); p<0.05). Plyometric push up flight time:contraction time (mean 
difference of 0.128 ± 0.040 (95% CI 0.213 to 0.043); p<0.05). While, post hoc analysis 
indicated backs had significantly less power than forwards in plyometric push up PP 
(p=0.020; Figure 9). Plyometric push up PP (mean difference of 933.603 ± 354.479 
(95% CI 173.321 to 1693.885); p<0.05). Finally, there were no significant differences 
between forwards and backs in plyometric push up PF (p=0.290; Table 8). 
 
Table 7. Plyometric push up variables pre, mid and post match simulation 
protocol. 
 Pre Mid Post 
Peak Power (W) 1152.70 ± 769.83 1151.99 ± 769.62 1122.02 ± 838.06 
Peak Force (N) 1820.45 ± 660.72 1946.37 ± 987.47 2130.35 ± 1253.08 
Peak Jump Height (m) 0.12 ± 0.05 0.11 ± 0.04 0.10 ± 0.05 
Flight-time: Contraction-time (s) 0.33 ± 0.13 0.32 ± 0.10 0.30 ± 0.10 
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Table 8. Plyometric push up variables of forwards and backs pre, mid and post 
match simulation protocol. 
 Pre Mid Post 
Peak Power (W)    
Forwards 1550.272 ± 833.523 1550.09 ± 832.88 1588.67 ± 940.44 
Backs 710.958 ± 367.052 709.66 ± 366.19 655.36 ± 350.48 
Peak Force (N)    
Forwards 1690.87 ± 759.38 2155.19 ± 1113.56 2625.76 ± 1561.78 
Backs 1964.42 ± 537.76 1714.36 ± 826.98 1634.94 ± 603.80 
Peak Jump Height (m)    
Forwards 0.09 ± 0.04 0.09 ± 0.03 0.07 ± 0.03 
Backs 0.15 ± 0.05 0.13 ± 0.05 0.13 ± 0.05 
Flight-time: Contraction-time (s)    
Forwards 0.26 ± 0.07 0.28 ± 0.06 0.24 ± 0.07 
Backs 0.42 ± 0.13 0.37 ± 0.11 0.36 ± 0.09 
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Figure 10. Plyometric push up peak power (in watts) for forwards (white) and backs 
(grey) pre, mid and post match simulation protocol. *Denotes significant (p<0.05) 
difference between forwards and backs. 
 
 
 
Figure 11. Plyometric push up jump height (in metres) for forwards (white) and backs 
(grey) pre, mid and post match simulation protocol. *Denotes significant (p<0.05) 
difference between forwards and backs. 
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4.2.2 Rating of Perceived Exertion 
 
There were no significant changes across mid and post match simulation protocol for 
rating of perceived exertion (p=0.884; Table 9). 
 
Table 9. Rating of perceived exertion mid and post match simulation protocol. 
 Mid Post 
Rating of Perceived Exertion 14.9 ± 1.89 15.05 ± 2.37 
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5 Discussion 
 
This study examined the effects of match-related fatigue on DM in Jnr RL players. 
Participants completed the MSP, which replicated the physiological demands of an 
average elite Jnr RL match. DM performance was measured pre, mid and post MSP via 
a RAT and a video-based temporal occlusion task. The main finding of this study was 
despite observing a decline in neuromuscular function during the MSP, this decline did 
not significantly affect DM performance. Additionally, there was no significant 
difference between forwards and backs DM performance throughout the MSP. 
 
5.1 Effects of Match-related Fatigue on Decision-making Performance   
 
The results of this study demonstrated that match-related fatigue had no significant 
effect on DM performance in Jnr RL players (Table 3). Empirical evidence of the 
effects of fatigue on DM performance is equivocal, although several studies support the 
main findings of the present study. Previously, water polo players DM performance 
throughout an incremental fatiguing protocol has demonstrated non-significant 
differences.55 Moreover, Australian Football referees have demonstrated no significant 
relationship between DM performance and physical exertion in a number of studies.59,90 
These findings suggest individuals are capable of processing information, and not 
compromising DM performance, during increasing and sport specific exercise 
intensities that result in fatigue. With this in mind, it has previously been proposed that 
individuals are able to withstand high levels of arousal (e.g. fatigue) and maintain 
performance of familiar tasks.91 Suggesting that individual’s who are accustomed to 
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performing in stressful situations subconsciously adapt information processing 
strategies.92 This may explain the non-significant changes of DM performance during 
match-related fatigue in the present study. 
 In contrast, numerous findings from previous research have reported 
improvements of DM performance during fatiguing conditions. Moreover, soccer 
players have demonstrated significantly faster speed of DM during fatiguing exercise 
protocols when compared to rest.50-52,54 The discrepancies of DM performance findings 
maybe due to a number of methodological differences such as physiological 
characteristics of participants, playing experience, protocol utilised to induce fatigue 
and DM assessments.  
Participants in the present study were on average four years younger than 
previous studies (Section 3.1).50-52,54 Furthermore, neuroscience research has reported 
adolescent’s frontal lobe, which is responsible for problem solving, is not fully 
developed.93 Consequently, an adolescents DM is predominantly influenced by their 
reactive and emotional amygdala.93 However, playing experience may mitigate effects 
of an underdeveloped frontal lobe on DM performance. Participants in the present study 
received many years of advanced RL training, allowing their declarative knowledge to 
develop (Section 3.1).29-31,94,95 Previous studies investigated soccer players of varying 
skill levels, therefore different training practices and development of declarative 
knowledge, possibly explaining the significant difference of DM performance during 
fatiguing conditions. Declarative knowledge has previously been reported as a 
discriminatory quality between skill levels.29-31 Furthermore, declarative knowledge of 
the selected sport/competition enables participants to recognise patterns and recall more 
information from an observation, facilitating rapid and accurate DM performance in 
demanding environments (e.g. under fatiguing conditions).29-31,95 
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The protocol utilised to induce fatigue in the present study replicated the 
physiological demands of an average elite Jnr RL match (Table 1 and 2). Moreover, the 
movement patterns and inclusion of physical contact improved the ecological validity 
of the protocol (Figure 3).  In contrast to our findings, McMorris and Graydon50-52 found 
DM in soccer players to be influenced by fatigue. However, these author’s utilised a 
cycling protocol to induce fatigue (e.g. fixed intensities of 70% and 100% maximum 
power output), which does not replicate the mode of exercise performed during a soccer 
match and does not incorporate the physical contact that occurs during contests for the 
ball. Similarly, Fontana et al.54 assessed soccer players DM performance while running 
on a motorised treadmill. Though running is the mode of exercise performed during a 
soccer match, motorised treadmill running alters running mechanics. Specifically, 
changes occur in gait and foot strike position resulting in increases in stride length and 
shifting foot strike towards the heel.96 Additionally, the physical contact experienced 
during contests for possession was not simulated. Although these studies adequately 
induced fatigue, the non-sports specific protocols potentially prevent participants from 
experiencing the sensory state similar to that experienced during a match. 
The present study utilised temporal occlusion clips from the 2017 NYC to assess 
DM accuracy. The clips allowed participants to complete a comprehensive assessment 
of the unfolding RL match play. Moreover, the clips were of sufficient duration, 15s, 
for participants to visually search the field of play. Participants were able to detect task-
relevant information such as players’ position on the field, during the developing play, 
and the main referee to identify the tackle count (Figure 5 and 6). Dynamic clips 
improve the ecological validity of the DM accuracy task, as participants are able to 
process vital information, such as player’s speed towards the ball, which lead to the 
DM scene. One of the earliest studies of DM performance in sport demonstrated that 
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video-based training resulted in significantly shorter response times than flash card 
(static images) training.97 Nevertheless, previous studies have implemented static slides 
to assess DM performance. McMorris & Graydon50-52 previous studies utilised static 
slides of model soccer players set up, on a tennis table, in a situation for 2s. Moreover, 
the static slides presented identical DM moments, positioned in different areas of the 
field. Therefore, it is possible the significant improvements of DM performance can be 
attributed to a potential learning effect rather than an effect of fatigue. 
Speed of DM was assessed in the present study via a RAT, which required a 
whole body change of direction in response to the testers cues. Moreover, the RAT 
required central (identification of stimulus) and peripheral (initiation of movement) 
contributions. Linking perceptual and movement components accurately simulates RL 
match demands. The inclusion of a movement response during the RAT may have 
required greater cognitive resource demands.98 Further, initiation of movement 
response was influenced by participant’s body position (specifically distribution of 
weight on feet) when the testers cue was presented. These factors may explain the non-
significant findings of the present study. Whereas, previous studies that reported 
significant improvements in participants speed of DM required less complex, and 
ecologically valid, methods of responding to a stimulus.50-52,54 Specifically, participants 
responded verbally into a microphone and speed of DM was measured as voice 
wavelengths were detected. This method potentially prevented participant’s 
accumulation of peripheral fatigue, experienced during the exercise protocol, to 
influence speed of DM. 
These findings suggest that match-related fatigue does not affect elite Jnr RL 
DM performance. 
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5.2 Positional Playing Group Differences of Match-related Fatigue on 
Decision-making Performance and Neuromuscular Function 
 
Further results of this study demonstrated that forwards and backs had similar DM 
performance during match-related fatigue conditions (Table 4). The lack of significant 
difference of DM performance between positional playing groups suggests that despite 
different roles in a RL match, information-processing strategies are similar between 
positions. These findings indicate that the ability to ‘read the play’ is necessary for all 
playing positions in RL. Likewise, a previous study of NRL players reported starters 
(players selected to participate in the match) and non-starters (players from the same 
squad that were not selected) demonstrated similar DM performance during a video-
based temporal occlusion task.35 
It is also possible the non-significant differences were due to the homogeneity 
of the participants playing experience. Consequently, participants declarative 
knowledge of RL matches theoretically is comparable, resulting in similar problem 
solving.29,30 McPherson & Thomas29 attributed skilled tennis players greater knowledge 
of the sport in facilitating problem solving abilities and subsequently positively 
affecting DM performance. Moreover, Baker et al.95 suggested that an accumulation of 
sport specific practice hours is attributed to skilled athletes superior DM performance. 
To date, this is the first study that has investigated positional playing group 
differences of the effects of fatigue on DM performance in sport. Previously, studies 
have examined within subject and/or skill-based differences of DM performance during 
fatiguing protocols (e.g., water polo, soccer, refereeing and handball). These sports 
(excluding refereeing) have a minimum of four broad positional playing groups, 
creating difficult comparisons of effects of fatigue on DM performance between 
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groups.56,59,99-101 While RL has two broad positional playing groups, forwards and 
backs, with distinctive roles in competition as well as physiological and anthropometric 
charateristics, enabling manageable comparison.1,8   
A significant difference of upper body neuromuscular fatigue was observed 
between forwards and backs throughout the present study (Figure 10 and 11) with 
backing observed significantly less PPU PP than forwards during the MSP (Figure 10). 
This finding maybe the result of forwards characteristically larger body composition, 
as they are predominantly involved in physical collisions, requiring a greater generation 
of power to push their body weight off the force platform.63 Previous research of 
professional RL players has reported forwards posses significantly greater absolute 
upper body strength in comparison to backs.63 Furthermore, backs have previously 
observed significantly higher strength to body weight ratio, during a 1RM bench press, 
resulting in higher strength to power ratio during PPUs.63 This supports the present 
results of backs demonstrating significantly greater PPU peak jump height and flight-
time:contraction-time in comparison to  forwards throughout the MSP (Figure 10 and 
Table 8). Interestingly, no significant differences of lower body neuromuscular fatigue 
were observed between forwards and backs (Table 6). This is possibly due to both 
positional playing groups habitually completing large amounts of high intensity (4-5.4 
m.s) and very high intensity (≥ 5m.s) running during training and competition. 
These findings suggest that match-related fatigue does not affect elite Jnr RL 
forwards and backs DM performance or lower body neuromuscular fatigue differently. 
However, a significant difference of upper body neuromuscular fatigue was observed 
between positional playing groups. 
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5.3 Match-related Fatigue 
 
The results of this study demonstrated a significant decline of lower body 
neuromuscular fatigue, from pre to mid MSP, while a non-significant decrease was 
observed mid to post MSP (Figure 9). Furthermore, upper body neuromuscular fatigue 
observed non-significant decreases throughout the MSP (Table 7). These results 
suggest the mechanism of lower body and upper body neuromuscular fatigue was 
different during the MSP. Throughout the MSP the lower body performed repeated high 
velocity and low force movements during running and sprinting. While, the upper body 
performed physical contact, involving high force and low velocity movements. 
Furthermore, the volume of lower body movements was considerably larger than upper 
body. This may explain the significant decline of lower body neuromuscular fatigue. 
Numerous studies have monitored RL match-related fatigue, although 
conflicting findings may be related to differences in data collection protocols. 
Moreover, limited studies have collected neuromuscular function immediately post 
match. An earlier RL simulation study reported the magnitude of lower body 
neuromuscular fatigue (observed as a ~6% decline in CMJ height) experienced by 
participants was similar to the present study (Figure 9).78 Furthermore, the previous 
study compared two forms physical contact, a modified tackle sled (~70kg) and a soft 
tackle bag, during the RL match simulation.78 Interestingly, the modified tackle sled 
condition produced similar significant decrements of CMJ height. Despite the present 
study utilising a medium/high density foam tackle bag. Although, both studies 
replicated an earlier RL simulation protocol by Waldron et al.,80 which best simulated 
the metabolic requirements of a RL match with the inclusion of repeated physical 
contact. Further, both studies completed CMJ assessment immediately post exercise. 
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The present study utilised a CMJ to assess lower body neuromuscular fatigue 
as the rapid change from an eccentric to concentric action, during the jump, replicates 
the high-intensity running completed throughout the MSP.86 Furthermore, numerous 
studies have investigated lower body neuromuscular fatigue following a RL match 
using a CMJ. Johnston et al.72 reported a significant decline of CMJ PP immediately 
post match in sub-elite Jnr RL players (U20s). Whereas, numerous studies have 
reported non-significant differences of CMJ, suggesting participants have greater 
eccentric strength and are able to utilise stretch shortening cycle (eccentric contraction 
to immediate concentric contraction).64,85 Though these studies performed CMJ 
between 2 and 12 hours post RL match.64,85 This protocol reduces the validity of the 
CMJ as recovery from the SSC exercise likely occurred during this time.86 Recovery 
occurs in two phases, initially a large drop in CMJ performance is observed.86 Followed 
by a temporary recovery, and then a further decline that peaks 48 to 72 hours post 
exercise.86 
The results in the present study showed no significant differences in PPU, which 
was utilised to assess upper body neuromuscular fatigue, during the MSP (Table 7). To 
date, limited studies have assessed upper body neuromuscular fatigue following RL 
matches, while no study has during a RL match simulation. Similar non-significant 
PPU results were reported 12 hours following a RL match.64  However the data 
collection protocol (12 hours post match) reduces the validity of the assessment. In 
contrast, an investigation of sub-elite youth RL players (U20s) reported a significant 
decline of PPU PP and PF immediately post RL match. The present study’s MSP 
utilised a medium/high density foam tackle bag to simulate tackling an opponent while 
a “flapjack” was employed to simulate being tackled. Therefore providing a more 
controlled method of simulating physical contact than implementing an individual. 
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However, the ecological validity of physical contact during the simulation is reduced, 
as it does not replicate the blunt force trauma experienced in RL matches when 
opposing players gain momentum, moving toward each other, and contact.73  
Borgs 14-point RPE scale was utilised during the present study to assess 
perceptual fatigue throughout the MSP. Participants reported non-significant 
differences between mid to post MSP (Table 9). The first and second half of the MSP 
were identical and may explain the non-significant differences. While a similar RL 
match simulation study reported significantly lower perception of fatigue following the 
second half, during the second instance, the simulation was completed.80 The 
significant results maybe due to familiarization, or monotony, of the simulation 
protocol as the significantly lower perception of fatigue was observed following 
participants fourth effort of an identical movement pattern. 
These findings suggest that the MSP utilised in the present study induced a 
lower body neuromuscular fatigue response similar to a RL match. While, upper body 
neuromuscular function was not affected by the MSP, dissimilar to a RL match. 
 
5.4 Limitations and Future Directions 
 
The MSP physical demands were created following the analysis of four elite Jnr RL 
matches. Ideally all four matches would have been obtained during the regular season 
however two of the matches were close and intense finals, one of which resulted in 
overtime. Although the overtime was removed from the analysis, the match was a state 
grand final for the GIO Schoolboy Cup competition. Which resulted in a higher ratio 
of ball-in-play to ball-out-of-play when compared to the regular season matches 
(Appendix 1). While the MSP was not validated the GPS data demonstrates the results 
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were similar results to that of the four matches used for analysis (Table 1 and 2). Future 
studies implementing a MSP should analyse an entire season of RL matches to 
determine average physical demands and validate the MSP implemented. 
A further limitation of the present study is that participants completed testing in 
joggers, not football boots, therefore turning 180° was occasionally challenging, 
potentially resulting in participants own pacing strategies rather than following the 
audio cues, possibly effecting neuromuscular function. Though, testing in joggers 
allowed the CMJ to be completed immediately post MSP as boots posed a safety 
concern when landing. Furthermore, testing was conducted on a synthetic grass pitch 
eliminating potential influence of an irregular surface but limits the ecological validity 
of the MSP. Future studies should attempt to complete MSP on a well-maintained RL 
field. 
It is important to realise that the findings of the present study only reflect that 
of twenty Jnr RL players from a sports selective high school. Moreover, participants 
were from senior year groups. Therefore, future research should aim to assess an 
additional number of RL players from all year groups.  
No RL football was implemented during the MSP potentially limiting mental 
fatigue and resulting in participants waning motivation as following audio cues may 
have become monotonous. Therefore, future research should implement RL football to 
enhance mental fatigue, which may affect DM performance. 
Lastly, tackling involved participants contacting a medium/high density foam 
tackle bag (approx. 150 x 40cm) and taking it to the ground before a 360° roll laterally, 
while holding the bag, and 360° roll back to start position. Moreover, participants 
performed a “flapjack” to simulate being tackled that required dropping down to the 
ground, ensuring that chest touched the ground before rolling 360° laterally and 360° 
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roll back to start position. Although these methods of physical contact are easily 
implemented and consistent, they do not replicate the blunt force trauma experienced 
when players, of opposing forces, contact each other and wrestle. Future research may 
implement an alternative, heavier, form of contact to create additional neuromuscular 
fatigue. 
Nevertheless all limitations were considered prior to data collection and were 
controlled for as best as possible. 
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6 Conclusion 
 
The present study was the first to investigate the effects of fatigue on DM performance 
in Jnr RL. A controlled MSP was implemented to induce fatigue, while DM 
performance was assessed pre, mid and post MSP. This study was ecologically valid as 
the MSP utilised to induce fatigue was constructed following the analysis of RL 
matches specific to participants playing experience (level). Furthermore, the DM 
assessments were RL specific. The findings demonstrated that match-related fatigue 
does not affect DM performance in Jnr RL players. The results demonstrated that 
although decrements of neuromuscular function were observed during the MSP, DM 
performance was not significantly affected. Additionally, there was no significant 
difference between forwards and backs DM performance throughout the MSP. 
The results of this study are beneficial for elite level Jnr RL coaching staff as it 
highlights DM practice during fatiguing conditions is not an aspect of training that 
requires attention. 
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Appendix  
Appendix 1A. Performance statistics of GIO Cup Schoolboy rugby league competition 
match one. 
 
 
TB represents player tackling, FJ represents player being tackled. 
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Appendix 1B. Performance analysis of GIO Cup Schoolboy rugby league competition 
match two. 
 
 
TB represents player tackling, FJ represents player being tackled. 
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Appendix 1C. Performance analysis of GIO Cup Schoolboy rugby league competition 
match three. 
 
 
TB represents player tackling, FJ represents player being tackled. 
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Appendix 1D. Performance analysis of GIO Cup Schoolboy rugby league competition 
match four. 
 
 
TB represents player tackling, FJ represents player being tackled. 
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Appendix 2A. Movement demands of backs during four GIO Cup Schoolboy rugby league competition matches. 
 BACKS 
 Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 
 Standing (m)  Walking (m) Jogging (m) Running (m) High Speed Running (m) Sprinting (m) 
Match <0.2m.s-1 0.2-1.9m.s-1 2.0-3.9m.s-1 4.0-5.4m.s-1 5.5-6.9m.s-1 >7.0m.s-1 
One 
11 2693 1840 534 264 14 
3 2592 1654 555 369 7 
14 2292 2225 644 255 1 
4 2639 1874 748 353 10 
9 2370 1387 555 322 13 
2 2577 1512 388 83 0 
9 2540 1695 333 109 3 
Two 
9 2783 1806 492 189 3 
8 2923 1539 566 216 1 
9 2151 1648 361 110 1 
1 2714 2075 517 152 3 
9 2726 1572 494 272 11 
8 2661 1272 311 142 8 
11 2723 1496 489 162 10 
Three 
7 2727 1784 421 161 7 
10 2393 2316 530 141 8 
0 479 557 191 85 2 
10 2340 1455 475 203 6 
6 2829 1684 792 239 4 
2 1927 1163 362 140 7 
9 2566 1672 388 140 1 
13 2550 1746 466 217 8 
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Four 
7 2694 1840 624 370 10 
14 2116 2372 837 201 1 
0 234 91 146 88 0 
8 2464 1666 511 371 11 
6 2908 1696 880 297 6 
1 2320 1551 538 161 6 
12 2412 1767 528 209 16 
11 2650 1596 484 260 11 
AVERAGE 7.43 2399.77 1618.37 505.33 209.37 6.30 
SD 4.12 603.19 448.21 167.28 88.40 4.52 
m/min in zone 0.12 40.00 26.97 8.42 3.49 0.11 
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Appendix 2B. Movement demands of forwards during four GIO Cup Schoolboy rugby league competition matches. 
 FORWARDS 
 Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 
 Standing (m)  Walking (m) Jogging (m) Running (m) High Speed Running (m) Sprinting (m) 
Match <0.2m.s-1 0.2-1.9m.s-1 2.0-3.9m.s-1 4.0-5.4m.s-1 5.5-6.9m.s-1 >7.0m.s-1 
One 
8 1635 1278 392 51 0 
5 2305 1481 403 112 0 
1 272 233 38 43 1 
2 425 400 56 37 2 
11 2356 1669 724 282 7 
9 1798 1134 276 109 0 
2 1048 729 146 112 0 
3 1640 1872 349 75 0 
9 1507 1307 280 122 0 
5 1732 1324 290 65 0 
Two 
5 1584 1257 362 97 0 
2 958 694 206 59 4 
3 2600 1437 418 137 3 
1 637 880 146 46 3 
14 2440 2048 622 163 6 
2 1738 1212 236 26 0 
8 2603 1749 525 202 10 
8 1504 1622 470 30 0 
3 941 1059 208 75 0 
1 131 232 16 0 0 
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Three 
3 559 685 219 58 0 
13 2305 1800 459 180 7 
9 2012 1565 299 134 1 
7 2585 2397 748 137 0 
12 2568 1933 475 138 1 
1 234 344 63 0 0 
3 922 1684 375 106 1 
12 2347 2047 520 86 0 
Four 
2 435 482 141 34 1 
9 2134 1493 477 214 4 
5 2329 1731 562 80 0 
4 2601 2124 804 312 0 
10 2561 1783 491 217 8 
3 916 1250 299 81 1 
11 2308 1507 552 113 0 
0 101 151 19 0 0 
AVERAGE 5.72 1576.97 1294.25 351.83 103.69 1.67 
SD 4.05 846.76 598.22 208.11 74.75 2.72 
m/min in zone 0.10 26.28 21.57 5.86 1.73 0.03 
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Appendix 3A. Movement demands of backs during match simulation protocol. 
 Backs 
 Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 
 Standing (m)  Walking (m) Jogging (m) Running (m) High Speed Running (m) Sprinting (m) 
Participants <0.2m.s-1 0.2-1.9m.s-1 2.0-3.9m.s-1 4.0-5.4m.s-1 5.5-6.9m.s-1 >7.0m.s-1 
1 10 1893 892 1092 996 41 
2 16 1732 971 1060 1104 22 
3 18 1654 1161 1163 730 27 
4 19 1679 1279 1041 936 15 
5 23 1543 1117 1377 712 5 
6 20 1662 1101 1195 838 6 
9 14 1832 1056 1098 920 27 
10 17 1802 1083 1038 1013 20 
AVERAGE 17.13 1724.63 1082.50 1133.00 906.13 20.38 
SD 3.94 113.33 116.94 113.39 137.88 11.88 
m/min in 
zone 0.29 28.74 18.04 18.88 15.10 0.34 
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Appendix 3B. Movement demands of forwards during match simulation protocol. 
 FORWARDS 
 Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 
 Standing (m)  Walking (m) Jogging (m) Running (m) High Speed Running (m) Sprinting (m) 
Participants <0.2m.s-1 0.2-1.9m.s-1 2.0-3.9m.s-1 4.0-5.4m.s-1 5.5-6.9m.s-1 >7.0m.s-1 
1 20 1685 1268 508 516 10 
2 18 1824 1218 568 336 0 
3 17 1841 1435 592 610 58 
4 23 1703 1398 549 645 33 
5 13 1824 1067 450 386 24 
6 15 1737 1156 500 497 29 
7 18 1804 977 457 447 32 
8 27 1694 1198 482 490 27 
9 25 1583 1433 501 439 0 
10 29 1271 1464 682 560 11 
AVERAGE 20.50 1696.60 1261.40 528.90 492.60 22.40 
SD 5.30 170.20 168.33 70.71 96.01 17.72 
m/min in 
zone 0.34 28.28 21.02 8.82 8.21 0.37 
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Appendix 4A. Cycles 1-2, 4-5, 8-9, 11-13, 15-16, 18-19, 22 chronological ordering of audio cues during rugby league match simulation 
protocol for forwards. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Rest 10 7 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone 40 4.25 
Rest 40 7 
Jog to red cone 50 5 
Sprint to blue cone 60 4.25 
Part B    
Rest 60 7 
Walk to red cone 70 6 
Rest 70 7 
Walk to yellow cone 80 6 
Total  80 77.5 
Total m/min 62  
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Appendix 4B. Cycles 3, 6, 10, 13, 17, 20 chronological ordering of audio cues during rugby league match simulation protocol for forwards. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
 
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Rest 10 7 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone 40 4.25 
Rest 40 7 
Jog to red cone 50 5 
Sprint to blue cone and contact the tackle bag 60 4.25 
Part B    
Rest 60 7 
Walk to red cone 70 6 
Rest 70 7 
Walk to yellow cone 80 6 
Total  80 77.5 
Total m/min 62  
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Appendix 4C. Cycle 7, 14, 21 chronological ordering of audio cues during rugby league match simulation protocol for forwards. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
 
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Rest 10 7 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone and perform a flapjack 40 4.25 
Rest 40 7 
Jog to red cone 50 5 
Sprint to blue cone  60 4.25 
Part B    
Rest 60 7 
Walk to red cone 70 6 
Rest 70 7 
Walk to yellow cone 80 6 
Total  80 77.5 
Total m/min 62  
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Appendix 4D. Cycles 1-4, 6, 8-11, 13, 15-18, 20, 22 chronological ordering of audio cues during rugby league match simulation for backs. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone  40 4.25 
Rest 40 7 
Jog to yellow cone 60 5 
Sprint to blue cone  80 4.25 
Rest 80 7 
Part B   
Walk to red cone 90 6 
Rest 90 7 
Walk to yellow cone 100 6 
Rest 100 7 
Total  100 70.5 
Total m/min 85  
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Appendix 4E. Cycle 5, 13, 20 chronological ordering of audio cues during rugby league match simulation for backs. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone  40 4.25 
Rest 40 7 
Jog to yellow cone 60 5 
Sprint to blue cone and contact the tackle bag 80 4.25 
Rest 80 7 
Part B   
Walk to red cone 90 6 
Rest 90 7 
Walk to yellow cone 100 6 
Rest 100 7 
Total  100 70.5 
Total m/min 85  
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Appendix 4F. Cycle 7, 14, 21 chronological ordering of audio cues during rugby league match simulation for backs. 
Part A represents ball-in-play, Part B represents ball-out-of-play. 
 
Instructions Cumulative distance (m) Time  
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone and perform a flapjack 40 4.25 
Rest 40 7 
Jog to yellow cone 60 5 
Sprint to blue cone  80 4.25 
Rest 80 7 
Part B   
Walk to red cone 90 6 
Rest 90 7 
Walk to yellow cone 100 6 
Rest 100 7 
Total  100 70.5 
Total m/min 85  
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Appendix 4G. Cycle 23 chronological ordering of audio cues during rugby league match simulation for backs. 
Part A represents ball-in-play, Part B represents ball-out-of-play.
Instructions Cumulative distance (m) Time (s) 
Part A (starting at yellow cones)   
Jog to red cone 10 5 
Jog to yellow cone 20 5 
Rest 20 7 
Sprint to blue cone and perform a flapjack 40 4.25 
Rest 40 7 
Jog to yellow cone 60 5 
Sprint to blue cone and contact the tackle bag 80 4.25 
Rest 80 7 
Part B   
Walk to red cone 90 6 
Rest 90 7 
Walk to yellow cone 100 6 
Rest 100 7 
Total  100 70.5 
Total m/min 85  
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Appendix 5A. Representative coloured screenshot of the decision-making moment 
presented to the participants pre match simulation protocol. 
 
 
Appendix 5B. Representative coloured screenshot of the decision-making moment 
presented to the participants pre match simulation protocol. 
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Appendix 5C. Representative coloured screenshot of the decision-making moment 
presented to the participants pre match simulation protocol. 
 
 
 
Appendix 5D. Representative coloured screenshot of the decision-making moment 
presented to the participants pre match simulation protocol. 
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Appendix 5E. Representative coloured screenshot of the decision-making moment 
presented to the participants mid match simulation protocol. 
 
 
 
Appendix 5F. Representative coloured screenshot of the decision-making moment 
presented to the participants mid match simulation protocol. 
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Appendix 5G. Representative coloured screenshot of the decision-making moment 
presented to the participants mid match simulation protocol. 
 
 
 
Appendix 5H. Representative coloured screenshot of the decision-making moment 
presented to the participants mid match simulation protocol. 
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Appendix 5I. Representative coloured screenshot of the decision-making moment 
presented to the participants post match simulation protocol. 
 
 
 
Appendix 5J. Representative coloured screenshot of the decision-making moment 
presented to the participants post match simulation protocol. 
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Appendix 5K. Representative coloured screenshot of the decision-making moment 
presented to the participants post match simulation protocol. 
 
 
 
Appendix 5L. Representative coloured screenshot of the decision-making moment 
presented to the participants post match simulation protocol. 
 
